In this study, we aim to keep track of how creative ideas in economic sciences have been created and diffused into successive research. Toward that end, we investigate the intellectual landscapes of the Nobel Prize awardees' research and the articles citing the literature. Our study is based on two sets of bibliographic records retrieved from the Web of Science. The "Creation" dataset, obtained through an author search, contains 1,745 original research and review articles of the laureates. The "Diffusion" dataset, consisting of 134,866 records, was collected by citation expansion. We identified bursting keywords and intellectual landscapes of the domain in creation and diffusion perspectives. We found that the dominant research themes that had influenced the laureates' research from 1980 till 1999 were macroeconomic tests and economic analysis in time series. Then, the creative ideas have diverged into a variety of issues such as labor market, economic governance, market design, asset pricing, and economic decision making. We identified that these ideas have been diffused into successive research topics such as intertemporal general equilibrium model, reciprocity in economics, estimating profitable asset pricing, and socioecological economics. Finally, it is argued that economic research around the laureates has become divergent over time.
BACKGROUND
In scientific life, we often face an unsurmountable problem and struggle from finding the pertaining solution for a while. Then, a moment of insight comes up and solves the question. In ordinary usage, insight or creativity is defined as the capacity to discern the true nature of a situation (Chakraborty & Basu, 2010) . In other words, it is the understanding of a specific relationship between a cause and an effect in a specific context. However, the concept of creativity can have several related meanings under various circumstances and it is hard to quantifiably and reproducibly measure this concept. Despite this difficulty, there is a consented honor given to those who make creative contributions to science: the Nobel Prize.
In this study, we aim to quantitatively keep track of how creative ideas in science are created and diffused into successive literature. In particular, we are motivated by Garfield (1979) that the diffusion of ideas can be traced by citation paths. In investigating the creation and diffusion of creative ideas, we analyze the intellectual landscapes of the Nobel Prize awardees' and their successive research. To give a clear distinction to the research objectives of our study, we operationalize 1) a creative thinker in science as a Nobel Prize laureate and 2) a creative idea as the awardee's concerted effort in his/her research. We focus the field of economic sciences since economics is one of the social sciences aiming to solve real-world problems. In this context, we explore how the laureates in economic sciences have come up with their creative ideas. In addition, the citation expansion will let us explore how these ideas have affected successive literature. The significance of the present study lies in our motivation to quantitatively understand the diffusion process of creative ideas in science.
In what follows, following research questions guide through the present study:
 How have creative ideas in economic sciences been formulated? (Creation process)
 How has the creativity influenced successive research? (Diffusion process) {This is the space reserved for copyright notices.]
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METHODOLOGY

Data Collection
Based on the operational definition above, we collected two sets of bibliographic records from the Web of Science, using an author search and a citation expansion. The author search dataset is referred as the "Creation" dataset and the expanded one represents "Diffusion". We assume that if an article cites at least one of the Creation records, then the article is thematically relevant to our concern (Chen et al., 2012) . This expansion method supports our goal to explore the diffusion of knowledge, considering articles in a broader context inspired by Creation. 
Scientometric investigation of the knowledge diffusion
Scientometrics is the quantitative study of science. In the present study, we aim to scientometrically explore the creation and diffusion of creative ideas in economics. To this end, we focus on document co-citation networks and networks of co-occurring keywords to keep track of past and present trends of economic research. The key features of our investigation are two-fold: 1) highly cited articles, and 2) frequently occurring keywords. In doing that, we employ CiteSpace, a scientometric suite generating networks of co-cited references and co-occurring keywords from bibliographic records (Chen, 2006) . This tool computationally captivates and visualizes thematic patterns and emerging trends from the collected dataset. Table 2 describes the top four keywords with the strongest bursts from the Creation dataset. As these keywords are extracted from references cited by the Nobel Prize winning research, they represent which topic draws the creative thinkers' scientific attention at a specific span of time.
RESULTS
Bursting keywords from creation and diffusion
Within this context, it can be assumed that they had focused on testifying economic theories and models as represented by "tests". In addition, it is obvious that these researchers had investigated methods of analyzing economic "timeseries". Evidently, their studies had also been derived from "organizational" contexts. Followed by a 10-year of suspension period, "labor market" has been receiving recent attention from the laureates. As identified, there is a temporal bipartite in the occurrence of bursting keywords. Based on the beginning years of bursts, therefore, we divide the entire time duration into two phases (Phase-1: 1980 -1998 , Phase-2: 1999 -2015 for the rest of the analyses. Table 2 . Bursting keywords from the creation process Table 3 lists top 20 bursting keywords from the diffusion stage. It is evident that the laureates' creative ideas have been proliferated throughout the community with the greater impact as represented by the magnitude of the bursts. During the first phase, the concepts which had received increasing attention are "unit root", "time-series regression" and "cointegration". In statistics, a unit root test examines whether a time series variable is non-stationary, using an autoregressive model. Cointegration is a statistical property of time series variables. The awardees such as Engle, Granger and Phelps are the leading economists in analyzing economic time series. On the other hand, the "rational expectations" assumption is employed in many contemporary macroeconomic models, game theory and applications of rational choice theory. It is clear that this assumption had drawn large attention from the peer researchers by the end of 1990s. Followed by an 8-year pause again, "social-ecological systems", "climate-change", "financial crisis", economic "sustainability" and "framework" are among the leading topics in economics.
Table 3. Bursting keywords from the diffusion process Document co-citation networks
In this section, each network is constructed from articles published in a 1-year time slice. For investigating Creation, an individual network is derived from 100 most cited papers published in the corresponding time slice, which ranges from 1980 to 1998 for Phase-1 and 1999-2015 for the second phase. We consider 200 most cited references for analyzing Diffusion of ideas. The color legend at the top indicates that cooler colors are closer to the start year of each phase whereas hotter ones represent close years to1998 and 2015 respectively. Referring to the color legend, we can keep track of the thematic and temporal trends of the research. References with citation bursts are depicted with rings in red. Landmark articles are labeled in black. The clusters are also numbered in ascending order, based on the number of cited articles included in each cluster. Figure 1 visualizes the co-citation network in Creation. As shown in the figure, it is obvious that clusters #3, #4 and #5 have high concentrations of nodes in the light of citation bursts, which indicates that these are the most influential clusters. In addition to these clusters, clusters #1 and #7 appear to have relatively recent publications with smaller citation bursts between 1980 and 1998. Table 5 summarizes these clusters in terms of the number of references included in each cluster, labels extracted from titles and abstracts, and mean year of citing papers. Based on the cluster information, the dominant themes which influenced the advent of the creative ideas in Phase-1 were time serial analysis ("treasury bill"), general equilibrium approach, cointegration, and cognitive and behavioral aspect of economic decision making ("reciprocity").
Scientometric landscape of Creation
Figure 2. Intellectual landscape of Creation (1999-2015)
The Creation network from 1999 to 2015 is illustrated in Figure 2 . It is evident that cluster #0 has a high concentration of nodes with surging citations. In addition to that, clusters #2 and #5 also consist of recent publications with smaller citation bursts. Table 5 summarizes these clusters. The detected clusters indicate that economic governance ("collective action"), market design, and methods for analyzing selective samples ("correlated random coefficient model") are among the topics formulating the creative ideas. 
Intellectual landscape of Diffusion
The network of Phase-1 from the Diffusion context is illustrated in Figure 3 . Obviously, cluster #5 has the highest concentration of nodes with citation bursts. In addition to that, clusters #0, #1 and #2 also consist of recent publications with smaller citation bursts. Table 6 summarizes these clusters. As observed in Cluster #5, time serial macroeconomics and intertemporal cointegration were the concepts influentially diffused into successive research. In addition, predicting stock returns in a market is of interest of researchers who were influenced by the creative thinkers ("changing risk"). Understanding an organizational context in economics had also received an increasing attention from the community ("ownership structure"). Finally, successive research had been influenced by creative literature investigating the swings in unemployment. Figure 4 illustrates how the network in Diffusion consists of distinct co-citation clusters during Phase-2. As described in Table 7 , the dominant concepts which have been diffused into recent literature in economics are profitable asset pricing, reciprocity in economic activities, economic governance and collective action (socio-ecological "resilience"), regional factors and divergence ("endogenous growth"), and estimation of energy consumption.
CONCLUSION
In the present study, we aimed to answer the motivational question, "How have the laureates' creative ideas in economic sciences been created and diffused into successive literature?" Toward that end, we investigated the intellectual landscapes, thematic patterns, and emerging trends of the domain in a scientometric manner. There are methodological advantages in our study to be argued over a conventional intellectual structure analysis. First, we systematically collected the articles to be examined, identifying most of the available records of the laureates from 2000 to 2014. Second, a much more diverse range of thematically relevant articles was investigated via the citation expansion. We argue that it is one of the convincing linkages to track the diffusion of knowledge. Last, CiteSpace let us investigate time-specific research trends in the domain whereas much literature has been dependent upon a static criterion, i.e. cited times, in judging a manuscript's or a keyword's influence. In the future, we plan to apply our approach to comprehensive studies that cover a various type of publication materials and other Nobel Prize domains.
